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Abstract 
The University of Porto, like other universities around the world, is working to promote effective integration of various learning techniques. This paper describes the results of a research that aimed to find and test new technologies in T&L of human nutrition in a second-cycle course of Porto University. The application of blended-learning as a strategy to respond to the numerous pedagogical challenges that Bologna presents to Higher Education and its use to join what should not be separated: learning and assessment, is described. The main goal of this project was to improve teaching of human nutrition in a large group of students (around two thousand) mixing face-to-face classes and online activities, namely, games for stimulate learning and online summative assessments that truly reflect student achievements.
The course included lectures, seminars, videoconference class, laboratorial classes, and group work. Simultaneously the online component of the course was integrated with the traditional classes, and delivered in a well-known platform – Moodle. The office of support for the new technologies in the education – GATIUP – supported teachers to combine a mix of old and new best practices in pedagogy and implement new methodologies of assessment based on the computer. The e-learning platform contained theoretical and practical classes’ support. The web-based support was also used for the delivery of pedagogic games especially created to stimulate study of nutrients distribution in foods and diet planning. These applications were developed using Visual Basic tool from Microsoft connected to an Access database. The graphic user interfaces used in the applications are very intuitive and user-friendly.
Group assignments and individual assessments were created to improve students’ learning and for evaluation of student achievements in terms of nutrition skills. Each individual assessment was made in the Faculty computer room under the supervision of teachers. Exams included multiple-choice and matching questions from a database of questions, and essay questions to answer online, covering the content of the theoretical and laboratory classes. The assignments were used to solve more complex problems in group work. Final grading resulted from competences demonstrated in individual and group work. The effectiveness of these online tools for student evaluation was investigated. The influence on the assessment scores of exams taken at different hours was investigated.
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1	Background

Within Higher European Education Area (HEEA) context Universities need to make fundamental improvements to change from the old paradigm of teaching based on transferring knowledge in the classroom to passive students to the new paradigm focused on students who are active constructors of their own knowledge. This implies also a change of teachers’ role based on the understanding of knowledge as the result of an active process, communication, analysis of situations and not a simple accumulation of knowledge. It is of major importance the coordination of students work. Within this context this article focuses on new teaching methodologies and integration of Information and Communication Technologies on human nutrition teaching to develop student’s competencies.
The blended-learning of Human Nutrition in Faculty of Pharmacy started in the year 2004/2005 and since then new pedagogic tools have been tested to improve teaching and learning. The course includes lectures, seminars, videoconference class, laboratorial classes, group work, and web-based activities. This method is based on the notion that the learner constructs his or her own learning through relevant learning activities [1]. It is student centered. Thus the teacher's job was to create a learning culture where teaching activities were chosen to achieve the desired learning outcomes for human nutrition [2,3].
In face-to-face theoretical classes, students learned food composition, food safety, and diet planning for healthy individuals at different stages through a series of short lectures (24 h). Another part of the teaching was through laboratorial and practical classes (48 h) for analysis of food nutrients, additives and contaminants and diet planning according to individual needs. Simultaneously the online component of the course was integrated with the traditional classes, and delivered in Moodle platform. The design process of the blended learning course combined not only the physical change to the “classroom” in order to pursue a student centered learning style, but also requires technology to support learning, especially in the virtual learning component [2]. This technology is the backbone of overall systems that supports the entire e-learning education.
Blended-learning was applied as a strategy to answer the numerous pedagogical challenges that Bologna presents to Higher Education [4,5] and to join learning and assessment, since it is important to develop assessment methods that reflect the actual effort, acquisition of relevant knowledge and skills acquired by students. On successful completion of human nutrition course, the student should: (i) be able to understand the basics of human nutrition; (ii) be able to organize an equilibrate diet planning according to individual needs; (iii) be able to gather, analyze and interpret relevant literature to discuss and answer essential problems/questions related with human nutrition; (iv) be able to identify a food safety problem and to tackle it in terms of research method, data collection, analysis and reporting.


2	MODEL / STRATEGY 

2.1.1	e-learning platform

The e-learning platform contained theoretical and practical classes’ support including material presented in classes and connection to Encyclopedia of Human Nutrition, an effective tool to find information by alphabetical listing of topics, including the presentation of information in a rigorous but concise way, with generous aid from graphs and diagrams (Fig. 1). The e-learning platform also included an online inquiry about student nutrition habits to be statistically treated on face-to-face classes at the end of the course. Additionally, the two teachers tutored their learning units during the six months of course. Thus, the participants had the chance to ask their questions, discuss their knowledge with the tutors, verifying, enlarging and constructing their knowledge.
The web-based support was also used for delivery of pedagogic games especially created to stimulate study of nutrients distribution in foods and diet planning and for online assessments and assignments (Fig. 2). New teaching tools that help acquire skills were developed using Visual Basic tool from Microsoft connected to an Access database. The graphic user interfaces used in the applications are very intuitive and user-friendly. Anyone with a valid registration on the e-learning platform can use the application and get results. Alternatives to the use of theses tools included online Excel pages and Tables of Food Composition, also available in the e-learning platform.


























Fig. 1- Main page of e-learning platform (Moodle), containing news, announcements, discussion board, an inquiry about students’ nutritional habits and support to theoretical and practical classes.


Fig. 2- Main page of Moodle, containing pedagogic games, group assignments and individual assessments.



2.1.2	Evaluation strategies

The assessment has a powerful influence on learning [6-7], the encouragement of learning increases significantly with the assessment of practical sessions and the acquisition of competences by students. In the new paradigm of teaching, individual and group work should provide learning experiences, as well as elements of evaluation [8-10]. With these objectives two types of evaluation tools were created online: individual tests and group work. 
The individual tests included questionnaires with multiple-choice questions taken from an arbitrary chosen data base and covering the content of the laboratory classes, fundamentals of analyses, exercises, care in the performance of laboratory protocols, and causes of errors of calculations. These questionnaires were performed individually in the Faculty computer room during the course of practical classes under the supervision of teachers, and limited access to internet. They contribute to deep the laboratorial skills and to allow feedback on student learning. This evaluation is completed with an individual laboratorial examination. Assignments were used to solve more complex problems in group work. Groups were formed online to solve assignments. Different alternatives were allowed for group work, including the use of pedagogic games proposed or the traditional methods using online excel pages and Tables of Food Composition, also available in the e-learning platform. Later on, topics were discussed in group work on classes. Many studies have shown that small group learning helps students’ practice skills such as active listening, giving/receiving constructive criticism, and managing disagreements [6-10].
The appropriate selection of problems will deepen the student’s understanding of the most important topics. Each member of a team is responsible not only for learning what is taught but also for helping teammates learn, thus creating an atmosphere of achievement and encouraging cooperation among students. Since the groups need to be together a sufficient time to establish positive working relationships and develop team-building, these assignments were started on practical classes. Assignments were used for student evaluation.
Final online summative exam included match and multiple choice questions and essay questions to assess global individual student’s achievements. A large number of questions were introduced in the question bank and the Moodle quiz tool enabled that different tests were given for each student. These assessments were carried out in the same day, but not at the same time, 5 groups of 40 students were organized. Each final exam included 10 standard questions that were the same for all students to serve as control, and 20 random questions taken from a pool containing 100 questions, 2 matching questions also randomized from the pool and two essay questions similar to all students.
The logistic question cannot be ignored and it was determinant to this model of summative exam assembly. Since the Faculty of Pharmacy does not have a room with 200 computers for online examinations, one decided to set groups of students that entered in different hours along the day. 
Immediately, this raised the question of validity and reliability of the exam throughout the day since we were aware that students talked to each other and item exposure was definitely going to be an issue. This was why comparison between the assessment scores of groups of students was made. 
Security issues were attained blocking other websites than Moodle U.PORTO, establishing a network address in the quiz tool and a proctor password to start the quiz.
Evaluating the course effectiveness was done by using standard measurements, including the level of accomplishment of course goals and objectives, the level of student satisfaction, the progress of student performance, and the comparison between the expected level of student achievement and real outcomes. A pedagogic questionnaire was available online at the end of the course to help the evaluation the b-learning course.

2.1.3	Participants

Two teachers and two multimedia project coordinators of the supporting office implemented and evaluated this study. Two hundred students of the Human Nutrition Course of Master of Pharmaceutical sciences of Faculty of Pharmacy participated in this study in the year of 2009/2010.

3	RESULTS

The role of the teachers who implement the blended-learning course was, firstly, to provide the content of the course, defining and installing material resources suitable for students to attain competences and, in accordance with HEEA philosophy to allow students to organize their learning progress in a flexible way. Secondly, the evaluation process was important to determine both the effectiveness of the teaching as well as student preferences and perceptions regarding the use of technology to support their learning.
Results from student assessments and assignments were used for evaluate if the basics of nutrition science was understood, if the student is able to analyse and interpret relevant literature and answer essential problems/questions on human nutrition; and if he/she is able to tackle a food safety problem in term of research method, data collection and analysis, and reporting. The final assessment should be, a synthesis of all the students’ productions in order for teachers to know the progress and competence level (conceptual, procedural and attitudinal) students have attained. Thus, results from individual assessments, group assignments and theoretical and practical exam were used for evaluate student competences in human nutrition.
The competences which were evaluated in the activities that make up the Assessments, Assignments and Exams were the following:
-	Conceptual competences - These competences basically refer to having a command of concepts, terminology and principals. The conceptual competences common to this subject include knowledge of food constituents, rules related with human nutrition, food safety and food security.
-	Laboratorial competences - Determination of food constituents, analysis of nutritional value foods, contaminants and additives.
-	Attitudinal competences - These competences focus on abilities such as being able to inter-relate all points of knowledge acquired, the ability for self-study and organization, interpretation, assimilating and producing information, namely, formulate and analyze diets, identify a problem and solve it in terms of research method.
Table 1 gives a summary of the competencies that were assessed on each of the activities that were proposed. All competences were covered in the proposed activities.

Table 1: Competences that were assessed on each proposed activities
Competences	Laboratorial exam	Individualassessments	Group assignments	Online summative assessment
Conceptual (C)				X
Laboratorial (P)	X	X		
Attitudional (A)			X	


Final evaluation resulted from the following formula: Final grade = 0.6 C + 0.2 P + 0.2 A
Individual assessments were graded automatically by Moodle, group assessments were discussed on class and graded manually by teachers and published in Moodle. Matching and multiple choice questions of final theoretical exam were graded automatically, and essay questions were graded manually and delivered online by teachers. Practical exam was graded by teachers in accordance to the performance when carrying out a given analytical work. Final grade was up to 20 as usual in Portugal. Students were approved with a final grade of 10. Results of students that succeeded on human nutrition course are summarised in Fig 3. It should be highlighted that 94.55% of the students were approved after two attempts of the final exam (two different exams taken in different exam terms) and the good marks obtained indicated the competences acquired by students.


Fig. 3 – Bar tools summarising final results obtained by students that were approved in Human Nutrition course during 2009/2010.

The pedagogic questionnaire available online at the end of the course also gave the students feedback about b-learning course. A 7 point scale (“7-strongly agree” to “1- disagree”) was used to evaluate the utility of online component, organization of documents to support classes, coordination between face-to-face and online components, quality of teaching, and creation of a climate appropriate for learning. Results of pedagogic questionnaire are summarized in Fig 4. The graphic indicates that students were satisfied with the teaching and learning strategy.


Fig. 4 - Radial graphic summarizing results of pedagogic questionnaire.

The results presented above indicate that the proposed strategy of teaching and learn was successful, additionally, the platform registered around 10,000 access during the course. However, some points should be studied in detail to evaluate if this strategy truly reflects student achievements. An important aspect related with the proposed method for evaluation of acquisition of competences by students is that group work should provide learning experiences, as well as elements of evaluation; thus, grading group assignments requires special attention. Clear rules on rating scale of the assignments are important. The rate scale was the following: 0-8 inadequate - lack of evidence of development or information; 9-11 incomplete - minimal effort, lack of detail or depth descriptions; 12-14 enough - coherent explanation of reasoning and strategies; 15-17 good - and applied knowledge related, rational and well founded; 18-20 excellent - care work, comprehensive, rich, unique and creative. Class discussion, added of specific comments and final grade selection made by teachers in platform was regarded (by students and teachers) as the most appropriate method. 
One assignment, the diet planning fitted for a child or and adult with specific characteristics could be carried out using one of the pedagogic games proposed or using excel pages and Tables of Food Composition. At the end of the course each group presented their work and described the way it was followed to achieve the final results. Excellent work was performed using the two methods and similar performance was obtained in the nine classes as shown in Fig. 5.






















Fig. 5 - Mean grade of Assignment 1 organized by class hours and weekdays, 2ª - Monday, 3ª Tuesday, 4ª Wednesday, 5ª Thursday (2009/2010)


The fact that individual online assessments can not be carried out simultaneously by 200 students, is a controversial aspect of this evaluation method. Some questions arise; namely, do the first students that fill the assessment present lower grades then the last ones? Does the information given by students that first finish the exam influence the grades obtained by the remaining students? How can we construct an assessment that is not influenced by the fact that students are not doing the exam at the same time? Concerning online assessments performed in the same week during the nine practical classes at different days no significant differences were observed between grades obtained by different classes and it was not observed an increase of mean grade from the beginning of the week until the end (Fig. 6).
Concerning the final online theoretical exam performed in the same day after dividing the 200 students in five groups of 40 students randomly chosen (Fig. 7) the statistical treatment of results also indicate that in general differences obtained by the five groups were not statistically significant, however, the last groups that carried out the online exam presented slightly higher grades, indicating that some questions require special attention. Each final exam, graded up to 60 percent, included 10 standard multiple choice questions (MCQ) and 2 essay questions that were the same for all students to serve as control, 2 matching questions and 20 multiple choice questions randomized (Random MCQ) from a pool containing a large number of questions organized by subject.

















Fig. 6 - Mean grade of online Assignment organized by class hours and weekdays, 2ª - Monday, 3ª Tuesday, 4ª Wednesday, 5ª Thursday (2009/2010)




Fig. 7 - Mean grade of online final exam organized by five groups randomly chosen to perform exam at the same time (2009/2010)


Another relevant question is how can we improve the way of making questions to create fair online assessments? All teachers know that some times, especially multiple choice questions are not clearly formulated and confuse to good students leading them to wrong answers, other times questions are not discriminative because the answer is too obvious. The Moodle platform helps teachers to solve this problems because we have access to a range of statistics, namely, the percentage of students that answered correctly each question, and the respective coefficient of discrimination and the discrimination index, thus, we can analyse each item and improve the next assessment. It is a rather satisfactory analysis based on the Classical Test Theory that suits perfectly the intent of improving quality of questions, hence quality of online assessments.


4	CONCLUSIONS
This case study helped to find strategies to supervise the construction of knowledge and skills by students. The individual and group work revealed that at the end of the course desired skills were acquired. The developed tools will continue to be useful in the future, thus, no time was wasted. The formulation and implementation of new pedagogic tools, online questionnaires and question validation, will continue. This process requires implementation of new ideas, analysis of results and reorganization of strategies adopted. Also, for the implementation of high stakes assessments the university is already planning strategies that provide the teachers logistic solutions that will improve the process, hopefully in a near future. Architecture of testing rooms, security issues, hardware and network connectivity are important issues that will certainly be considered, since more and more teachers are using Moodle e-assessment tools in their assessment methods.
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